We have studied 16 states, 7 doublets, and 9 quartets of the AlNAl isomer mainly through multireference methods and correlation consistent basis sets. We report equilibrium geometries, energetics, and dipole moments, whereas for a number of low lying states we have constructed dissociation AlN-Al potential energy profiles. For the same states we also analyze their bonding character using valence-bond-Lewis diagrams. Our results are consistent with the limited experimental data.
I. INTRODUCTION
The first experimental observation of the AlNAl molecule was made for the first time through Knudsen effusion mass spectrometry in 1970 by Gingerich, who determined its atomization enthalpy ⌬ a H 0 0 ͑g͒ = 822Ϯ 21 kJ/ mol ͑=196.5Ϯ 5 kcal/ mol͒. 1 Thirty years later Meloni and Gingerich redetermined this value to ⌬ a H 0 0 ͑g͒ = 783.2Ϯ 15 kJ/ mol ͑=187.2Ϯ 3.6 kcal/ mol͒. 2 The same year Andrews et al. recorded the infrared spectra of AlNAl in frozen argon matrices, 3 reporting symmetric and asymmetric frequencies ͑ss͒ = 544.9 and ͑as͒ = 956.7 cm −1 , respectively. Finally, Neumark and co-workers measured for the first time the adiabatic electron affinity EA = 2.571Ϯ 0.008 eV of AlNAl and obtained ͑indirectly͒ the two lowest electronic transitions, namely, T e ͑Ã 2 ⌸ u ← X 2 ⌺ u + ͒ = 5570Ϯ 970 cm −1 and T e ͑B 2 ⌺ g + ← X 2 ⌺ u + ͒ = 10 490Ϯ 970 cm −1 , by negative ion photoelectron spectroscopy. 4 On the theoretical side the only calculations in the literature are of the density functional theory ͑DFT͒ type, based on the B3LYP ͑Refs. 2-5͒ and BPW91 ͑Ref. 6͒ functionals.
Motivated by the complete lack of ab initio results on AlNAl and as a continuation of our work on the diatomic AlN ͑Ref. 7͒ and the isovalent BNB species, 8 we have investigated, mainly by multireference variational methods, the electronic structure of 16 bound AlNAl states within an energy range of ϳ4 eV.
For both Al and N atoms the correlation consistent basis set of quadruple cardinality ͑cc-pVQZ͒ was used, generally contracted to ͓6s5p3d2f1g/ Al 5s4p3d2f1g/ N ͔.
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When calculating the adiabatic electron affinity of AlNAl, the ccpVQZ basis was augmented by a series of diffuse Al ͑Ref. 9͒ and N ͑Ref. 10͒ functions resulting to the contracted set ͓7s6p4d3f2g/ Al 6s5p4d3f2g/ N ͔.
The complete active space self-consistent field ͑CASSCF͒ reference wave functions were constructed by distributing the 11 "active" electrons, ͑3s 2 3p 1 ͒ ϫ 2+2s 2 2p 3 , in the 12 orbital valence functions under C 2v or C s constraints. The size of the CASSCF spaces range from about 70 000 ͑quartets͒ to 85 000 ͑doublets͒ configuration functions ͑CF͒ under C 2v or twice this size under C s symmetry constraints. "Dynamical" correlation was extracted through single and double replacements out of the zeroth order functions ͑CASSCF+1+2=MRCI͒ and within the internally contracted ͑ic͒ scheme, as implemented in the MOLPRO suite of codes. 11 The icMRCI expansions contain about 17ϫ 10 12 For all states we report total energies, geometries, and ͑expectation value͒ dipole moments; in addition for the states
and F 2 ⌸ g we have constructed AlN-Al potential energy curves ͑PEC͒.
II. RESULTS AND DISCUSSION
We have studied seven doublets 7 The process and bonding can be succinctly captured by the above valencebond-Lewis ͑vbL͒ icons.
Notice that the pair icons of AlN, Al ͑M L = Ϯ 1͒, and of the product AlNAl are required to describe correctly the ungerade ͑u͒ symmetry of the X 2 ⌺ u + state. According to the above diagrams the bonding of the X 2 ⌺ u + state comprises two three-center two-electron ͑3c-2e − ͒ completely delocalized bonds and a one-electron delocalized bond. The identity of the two N-Al bonds precludes any symmetry breaking effect. It is interesting to recall at this point the structure of the isovalent BNB molecule, whose ground state is also of 2 ⌺ u + symmetry, the result of the BN͑X 3 ⌸͒ +B͑ 2 P ; M L = Ϯ 1͒ interaction. 8 However, the suggested asymmetric structure ͑symmetry broken͒ of the X 2 ⌺ u + BNB species, [13] [14] [15] [16] but strongly disputed, 8 has a completely different bonding character than that of AlNAl. For one thing, one of the in situ B atoms is in its first excited 4 P state, resulting to a bonding distribution, misleadingly implying a symmetry broken molecule; 8 in other words our ability to distinguish the "left" from the "right" in situ B atoms.
The leading equilibrium CASSCF configuration of the AlNAl X 2 ⌺ u + state ͑counting valence electrons only͒ and corresponding atomic Mulliken densities are As before the in situ "perpendicular" ͑"horizontal"͒ AlN moiety is in the A 3 ⌺ − ͑X 3 ⌸͒ state, and of course its mirror image with respect to the C 2 axis ͑exchange of the two Al atoms͒ should be included in the calculation. Note that the equilibrium ՄAlNAl angle e = 129°is practically equal to the mean value of the perpendicular and linear attacks, ͑90°+ 180°͒ / 2 = 135°.
We now move to the C 2 ⌺ g + state located experimentally 10 490Ϯ 970 cm −1 above the X state. 4 Our calculated MRCI͑+Q͒ value at r e = 1.715 Å is T e = 9850͑9811͒ cm −1 , in good agreement with experiment.
4 Figure 1 The Al 4 P term is experimentally 3.598 eV above the 2 P state, 17 and although a similar attack from Al͑ 2 P͒ can lead to a quartet state, the strength of the AlN-Al bond ͑Ϸ67 kcal/ mol͒ precludes such a path. Of course, the equivalence of the two Al atoms requires the structure obtained by exchanging the position of the Al atoms ͑C 2 ͒ to be included in the calculation. The main CASSCF equilibrium configuration and the atomic populations ͑consistent with the vbL diagram͒ are 
